Abstract To evaluate the association between economic indicators (unemployment and mortgage foreclosure rates) and volume of investigated and substantiated cases of child maltreatment at the county level from 1990 to 2010 in the Commonwealth of Pennsylvania. County-level investigated reports of child maltreatment and proportion of investigated cases substantiated by child protective services in the Commonwealth of Pennsylvania were compared with county-level unemployment rates from 1990 to 2010, and with county-level mortgage foreclosure rates from 2000 to 2010. We employed fixed-effects Poisson regression modeling to estimate the association between volume of investigated and substantiated cases of maltreatment, and current and prior levels of local economic indicators adjusting for temporal trend. Across Pennsylvania, annual rate of investigated maltreatment reports decreased through the 1990s and rose in the early 2000s before reaching a peak of 9.21 investigated reports per 1,000 children in 2008, during the recent economic recessionary period. The proportion of investigated cases substantiated, however, decreased statewide from 33 % in 1991 to 15 % in 2010. Within counties, current unemployment rate, and current and prior-year foreclosure rates were positively associated with volume of both investigated and substantiated child maltreatment incidents (p \ 0.05). Despite recent increases in investigations, the proportion of investigated cases substantiated decreased by more than half from 1990 to 2010 in Pennsylvania. This trend suggests significant changes in substantiation standards and practices during the period of study. Economic indicators demonstrated strong association with investigated and substantiated maltreatment, underscoring the urgent need for directing important prophylactic efforts and resources to communities experiencing economic hardship.
joined the ranks of the unemployed, and over 6 million homeowners lost or were at serious risk of losing their homes [2, 3] . The stress endured by families during these times of economic hardship raised concern that increased numbers of children may have been at risk for child maltreatment.
A strong association between measures of family socioeconomic status and child maltreatment risk has been well established in the literature, even with evidence of a causal effect documented [4] [5] [6] [7] [8] [9] . A relationship between community-level economic stressors and child maltreatment has also been demonstrated [10] [11] [12] [13] [14] [15] [16] . In analysis of neighborhood characteristics, level of poverty was the only factor consistently related to maltreatment risk among both African-American children and white counterparts [17] . The strong association between child maltreatment and poverty at the levels of the family and community might lead us to believe that rates of child maltreatment would rise during periods of economic downturns. Contrary to this expectation, however, increases in rates of child maltreatment during periods of economic recession have not been observed. In fact, data from the National Child Abuse and Neglect Data System (NCANDS) suggest the opposite trend. Between 1990 and 2010, a period during which the country experienced three recessions, national rates of substantiated child physical abuse and child sexual abuse declined by over 50 %, with a smaller decrease observed in cases of neglect [18, 19] . The drop in rates of child maltreatment incidences investigated and confirmed by child protective services (CPS) during periods of economic recession has raised questions about the nature of the association between changes in the economy and child maltreatment rates.
Longitudinal research supporting a clear relationship between trends in local economic indices, particularly unemployment and foreclosure rates, and changes in child maltreatment rates is scarce [20] [21] [22] . Cohort studies of the relationship between changes in local unemployment and child maltreatment rates over time presented mixed results. Two older studies reported that increase in unemployment rates in communities was associated with higher child abuse rates, but another study found that at least in one community, rise in unemployment coincided with decrease in child abuse rates [23] [24] [25] . A more recent study of the effect of unemployment rates, labor force participation, and food stamp usage on child maltreatment incidence in seven US states did not find a strong relationship between these economic indices and volume of child maltreatment incidents, as measured by aggregate number of screened-in reports at the state level [22] . Two studies on a smaller scale did describe increased occurrence of a specific type of child abuse, abusive head trauma (AHT), during the most recent economic recession, in comparison to the prerecession period [21, 26] . One of these studies examined but could not establish a statistically significant relationship between increase in unemployment rates during the recessionary period and observed rise in AHT rates [21] . Much less is known about the relationship between home foreclosure rates and child maltreatment rates, although a single study did report significant association between admissions for physical abuse to pediatric hospitals and local home foreclosure rates [20] .
To better understand the association at the local level between economic indicators and incidence of child maltreatment during a period punctuated by significant macroeconomic pressures, we examined the relationship between trends in local unemployment and home foreclosures rates, and frequency of child maltreatment incidents in the Commonwealth of Pennsylvania, a large midAtlantic state with urban and rural counties, over a 21-year period. The objectives of this study were: (1) to describe trends in investigated reports and substantiated cases of child maltreatment in Pennsylvania counties from 1990 to 2011; and (2) to examine the association of unemployment and mortgage foreclosure rates with volume of both investigated and substantiated cases of child maltreatment within these counties over the same period.
Methods

Data Sources
The targets of analysis in this study were the 67 counties of the Commonwealth of Pennsylvania between 1990 and 2010. County-level analysis was pursued in recognition of the impact of local area effects and contextual heterogeneity on the relationship between the selected economic indicators and child maltreatment incidence. Limiting analysis to a single state helped to ensure a uniform definition of child maltreatment and consistency in standards of intake and screening of alleged abuse across counties for the period of study. This approach also permitted study of aggregate associations of socioeconomic measures with child maltreatment in a geographically heterogeneous setting which included rural locations, as most of the existing research is focused on urban settings. Child protective services (CPS) law in Pennsylvania, unlike in other states, separates lower risk maltreatment, such as neglect and truancy, from physical and sexual abuse at the time a report is made, minimizing the confounding effect of povertyassociated neglect in the relationship between economic indicators and child maltreatment.
Data on investigated reports and substantiated cases of child maltreatment in the Commonwealth of Pennsylvania were obtained from the Pennsylvania Department of Public Welfare's annual Child Abuse Reports. Reports of suspected child maltreatment are managed through the Pennsylvania Department of Public Welfare's ChildLine and Abuse Registry, which serves as the Commonwealth's central clearinghouse for child abuse reports. Reports of suspected child abuse received by ChildLine and county hotlines are screened, and cases with allegations of nonaccidental injury, sexual abuse, or serious neglect are referred to county CPS agencies for investigation. Pennsylvania Child Protective Services Law (23 PA CS § 6,303; 55 PA Code §3,490.4) distinguishes CPS reports from general protective services (GPS) reports, which include reports of lower risk maltreatment, such as chronic truancy, neglect, and poor parental supervision. Reports for which investigations confirm the allegation of abuse are referred to as ''substantiated.'' Total CPS reports accepted for investigation, number of substantiated CPS investigations, and population data for children \18 years old were obtained for each Pennsylvania county for each year between 1990 and 2010. Information on county-and state-level unemployment rates for each year of the study period was collected from the U.S. Bureau of Labor Statistics' Local Area Unemployment Statistics Database [27] . County-level mortgage foreclosure data were sourced from CoreLogic, Inc. (McLean, VA), a real estate data and analytics company that collects property address-level data from public records at county recorders' offices, courthouse filings, tax assessors, sheriffs' offices, newspaper filings, proprietary sources and selected vendors for the number of new and outstanding unique notices of default, and for notices of trustee sales. CoreLogic's broad coverage includes over 140 million properties and 99 % of the U.S. population [28] . This study analyzed county-level data without identifiers and did not meet the definition of human subjects research or require Institutional Review Board oversight.
Study Measures
The unit of analysis employed was the county-year. The primary study outcomes were the annual counts of maltreatment reports investigated and the annual count of investigations substantiated by the CPS in each county. The primary predictor variables were current and prior-year rates of unemployment and mortgage foreclosure for each county-year.
Statistical Analyses
Trends in rates of investigated CPS reports and substantiated CPS investigations per 1,000 child population were described using median-spline plots. We calculated Spearman's rank correlation coefficients between annual unemployment rates (current and prior-year), and rates of CPS investigations and substantiations per 1,000 children at the state level. We repeated these analyses substituting unemployment rates with foreclosure rates. Then, using total number of investigated reports as outcome and child population as offset, we estimated within-county association of change in volume of investigations with change in levels of economic indicators by means of fixed-effects Poisson regression. The regression model included year and county-year unemployment rate as independent variables in order to test the association between investigated reports of maltreatment and this economic indicator, controlling for temporal trends. Similar models were repeated with addition of squared and square root variants of year to also test for non-linear associations of the dependent variable with time. This model was re-computed substituting foreclosure rate for unemployment rate. Sensitivity analyses explored the association between investigated CPS reports and unemployment and foreclosure rates of the prior year (first lag). All analyses were then repeated using count of substantiated CPS investigations as the outcome. Standard errors for coefficients were computed using the sandwich estimator and adjusted for clustering within counties. Statistical analyses were performed using Stata 12 (StataCorp, College Station, TX).
Results
Study Population
During the 21-year study period from 1990 to 2010, we observed an average of 2,858,216 children under 18 years of age residing in the Commonwealth of Pennsylvania each year. Statewide, child population rose from 2.81 million in 1990 to a peak of 2.92 million in 2000, before dropping by 6.2 % to 2.74 million in 2010.
Trends in Investigated and Substantiated Reports of Child Maltreatment Over Time
A total of 500,896 reports were investigated by CPS agencies of Pennsylvania's 67 counties over the study period (annual mean: 23, 876 ). An average of 8.4 CPS investigations per 1,000 children were launched each year. 116,939 (23.3 %) investigations were substantiated, for an annual average of 1.9 substantiations per 1,000 children.
The volume of CPS investigations varied across and within counties over time. In the Commonwealth of Pennsylvania, unadjusted rate of CPS investigations demonstrated a quadratic trend over time (p \ 0.001), decreasing by 10.3 % from 8.7 investigations per 1,000 children in 1990 to a low of 7.8 in 2000, and rising to a peak of 9.2 in 2008. This peak, which occurred during the recent economic recession, represented 18 % increase over the rate in year 2000 (Fig. 1) . At the county level, average annual CPS investigations per 1,000 children were highest in both urban (Philadelphia, 13.3) and non-urban (McKean, 17.5; Venango, 14.1; Forest, 13.7) counties. The lowest CPS investigation rates were observed in urban Montgomery (mean of 4.2 investigations per 1,000 children per year), Beaver (5.1) and Bucks (5.2) counties, and in nonurban Franklin (4.8) and Elk (4.9) counties as well. Within each county, we observed variation in annual rates of CPS investigations during the 21 years of study. Mean range (difference between maximum and minimum levels) of annual CPS investigations per 1,000 children among counties was 6.9, and the maximum range was 22.5 observed in Forest County, where the rate increased more than four-fold from a minimum of 6.2 investigations per 1,000 children in 1998 to a maximum of 28.7 in 2008.
During the 21-year study period, the aggregate trend of substantiated investigations per 1,000 children across the 67 counties was generally declining (p \ 0.001). Similar to the trend in investigated CPS reports, the statewide rate of substantiated investigations decreased from 2.8 substantiations per 1,000 children in 1990 to 1.7 in 2000. Unlike with CPS investigations, however, the rate of substantiations continued to decline after year 2000, reaching a low of 1.3 substantiated investigations per 1,000 children in 2010 (Fig. 1) . The proportion of investigated CPS reports that were substantiated decreased from 32.6 % in 1990 to 21.9 % in 2000 to 14.9 % in 2010 (Fig. 2) . Over the study period, urban Philadelphia (4.1) and non-urban Forest (5.5), McKean (4.2), Tioga (3.8) and Northumberland (3.6) counties had the highest mean annual substantiation rates per 1,000 children, while urban Bucks (0.7), Montgomery (0.7), Chester (0.9), Delaware (1. Within counties, 1 percentage-point increase in current foreclosure rate was associated with 3.9 % increase (p = 0.04) in CPS investigations, controlling for temporal effects. Similarly, 1 percentage-point increase in the prioryear foreclosure rate was associated with 6.3 % increase (p = 0.002) in current CPS investigations (Table 1) . 1 percentage-point increase in current foreclosure rate was associated with 4.5 % (p = 0.01) increase in substantiated investigations, and 1 percentage-point increase in the prioryear foreclosure rate was associated with 7.3 % increase in substantiations (p = 0.01).
Discussion
During a period in which substantiated maltreatment reports were generally declining across the Commonwealth of Pennsylvania, this study revealed that county-level unemployment rates and mortgage foreclosure rates remained positively associated with the number of investigated and substantiated reports of maltreatment. These findings are consistent with literature indicating significant positive associations of unemployment [15, [29] [30] [31] and foreclosure [20] rates with incidence of child abuse and neglect.
It could be surmised that the observed relationship of economic indicators to maltreatment reports might be related to an increase in poverty-related neglect reports that were later unsubstantiated due to failure to indicate bodily harm. This study, however, includes reports of non-accidental physical injury, sexual abuse, or serious neglect only. Cases of chronic truancy, neglect, and poor parental supervision are excluded. Hence, the trends in child abuse investigations presented are not explained simply by the increased povertyrelated neglect expected during this period of extremely high unemployment [15] . To envision a pathway by which economic stress and poverty would lead to increase in investigated spurious reports of inflicted injury, intentional neglect, or sexual abuse may be difficult. Therefore, it is plausible that the rise in investigated child abuse reports observed in Pennsylvania in 2009 may indicate increasing incidence of child abuse within the Commonwealth. Estimates from fixed-effects Poisson regression of counts of child maltreatment reports and substantiations on current and prior-year unemployment and foreclosure rates are presented, representing change in investigated CPS reports/substantiated CPS reports given 1 percentagepoint increase in respective economic indicator and adjusted for temporal trend
Despite the increase in investigated reports, our analysis indicates steady decline in child abuse substantiations over the last two decades, mirroring national data over the interval [18, 32, 33] . Closer examination of the Pennsylvania trend revealed that the proportion of investigations that were substantiated declined over time, so that increasing numbers of cases of reported child maltreatment were not substantiated after investigation. In fact, substantiations were at their lowest levels during the recent recession, despite child maltreatment investigations peaking during the same period. Recent changes in practice in some localities intended to focus CPS efforts on children with present or impending safety risks and to divert other lower risk cases to alternative less intrusive services, as well to reduce the number of children in foster care and residential facilities, may have contributed to the downward trend of CPS substantiations in Pennsylvania in the face of escalation in investigations. States are not formally required to measure or report on repeat contacts for children who are diverted to alternative service responses. As thresholds for substantiation of child abuse cases in child welfare systems evolve, it remains unknown if the growing gap between investigated reports and substantiated cases has placed some children at risk.
Our study has several important limitations. Due to the cross-sectional nature of this study, we cannot infer causality. Unemployment rates, foreclosure rates, and maltreatment cases may have increased simultaneously for unrelated reasons, and the reasons for observed increases in child abuse reports may have varied over time. We selected unemployment as a primary independent variable for our analysis because its relationship to other poor health outcomes has been examined more extensively than any other economic indicator. Unemployment statistics, however, do not include underemployed or discouraged workers who stop looking for a job and may not accurately measure economic hardship due to job loss [21] . Furthermore, because this study was focused on economic analysis, we did not consider other important factors that may influence community-level dynamics of child maltreatment, including cultural, religious or other social structural factors. Finally, the CPS administrative data employed for analysis may not fully capture the actual level of child maltreatment incidence [34] . In particular, not all events of maltreatment reports are ever reported, investigated or subsequently substantiated [35, 36] . Moreover, investigation rates may vary over time and among counties due to modifications of CPS protocol and, possibly, fiscal constraints on professional sources of maltreatment reports and investigating agencies [37] .
Despite these limitations, our results hold important implications for future research. Although significant work has been devoted to macro-level factors associated with rates of maltreatment, we posit that it is equally important to understand individual-level factors that influence observed trends in investigated and substantiated maltreatment and to study how the effects of these factors may vary with personal and familial demographics. More importantly, these findings underscore the urgent need to direct child maltreatment prevention efforts, support and resources to communities in periods of economic hardship.
Conclusion
We observe a dramatic decline in the proportion of investigated cases of child maltreatment that are substantiated over the past two decades in Pennsylvania. This temporal trend partially masks a strong association between volume of investigated and substantiated cases of child abuse and measures of economic stress. This relationship suggests that during recent periods of economic stress, there has been an inevitable tension between ensuring child safety and implementing child welfare practice changes. Whether some children may have been placed at increased safety risk in this dynamic environment remains an open question for which there is little empiric data. At the least, these results also highlight the difficulty in utilizing rates of substantiated rates of child maltreatment to accurately capture trends in child maltreatment and safety and the need for more robust and consistent measures of child maltreatment incidence that are not dependent on changes in CPS practices and protocols.
